NAD is a pyridine nucleotide that is involved in cell metabolism and signaling of plant growth and stress.
TEXT
The redox cofactor NAD is important for plant metabolism and signaling during growth and stress.
1--3
Previously, we demonstrated that an inducible accumulation of NAD in Arabidopsis conferred resistance to the hemibiotrophic avirulent bacteria Pst-AvrRpm1 by modulating SA signaling at the transcripts and metabolite level. 4 Recently, we have detailed the NAD-inducible defense responses that are effective against biotrophic and necrotrophic pathogens. 5 Our study reveals that NAD + acts as an elicitor by stimulating basal defenses (i.e. ROS production, callose deposition, cell death) and influencing hormonal balance. ] cyt response, we then conducted pharmacological treatments using pyridine nucleotides and their derivatives at 1 mM (Fig. 1B) .
We focused on the decrease in [Ca 2+ ] cyt observed after 60 min of incubation (Fig. 1A) ] cyt at 60 min after treatment, with a more pronounced impact for NADP + (Fig. 1B) ] cyt , with a more important effect of NADP + (Fig. 1C) . Hence, luminometry assays indicate a dose-dependent and specific effect of pyridine nucleotides on Ca 2+ cytosolic pools.
During defense responses, Ca 2+ -signaling acts upstream of R gene mediated-hypersensitive cell death and ROS production associated with SAR regulation. 6, 9 After infection with Pst-AvrRpm1 and upon NAD buildup, we detected enhanced cell death and ROS levels. 5 Furthermore, [Ca 2+ ] cyt levels regulate SA-, JA-, and ABA-mediated stress responses in plants. 6 In fact, cycam mutants affected in [Ca 2+ ] cyt showed increased levels of SA, ABA and bioactive JA (JA-isoleucine) with or without infection with the necrotrophic fungus Alternaria brassicae. 10 Whilst cytosolic Ca 2+ peaks are potentiated by elicitors treatments such as the elicitor peptide PEP1, 11, 12 AtPEP1 and Ca 2+ -responsive genes are upregulated by higher NAD. 4 In addition, trapping of Ca
by EGTA prevents the induction of Pathogen Related (PR) genes after treatment with exogenous NAD(P). 13 Hence, NAD and Ca 2+ -mediated signal transductions are possibly related. 1, 3 Here, we provide evidence for changes in [Ca 2+ ] cyt caused by pyridine nucleotides (Fig. 1) . This is accompanied by the accumulation of SA, JA and ABA as has been shown in NAD + -infiltrated leaves. 5 [Ca 2+ ] cyt response was dose-dependent, could be mimicked by the positive controls ADPr/H 2 O 2 and was particularly intense upon NADP + application, thus suggesting its effect was explained by the donation of its ADPr moiety to form cyclic ADPr and NAADP so as to release Ca 2+ from intracellular compartments. 1--3 In conclusion, our study revealed that pyridine nucleotides modulated Ca NAM, nicotinamide; Q, quinolinic acid; SA, salicylic acid. Asterisks indicate statistically significant differences compared to the water treatment (P < 0.05, t-test). n.s., not statistically significant.
